Résumé. 2014 Cet article analyse en détail le phénomène de Abstract. 2014 This paper analyses in detail the gyroscopic, hyperfine and magnetic predissociation phenomenon, and calculates the predissociation rate of molecular iodine. The peculiarities of very weak predissociations and of interference effects between predissociation are presented, and the experimental techniques available for that type of predissociation are discussed. This paper is the theoretical basis of the experimental studies of iodine B state predissociations which are described in the following two papers.
1. Introduction. -The study of molecular predissociation began half a century ago by the observation of a broadening of the lines in absorption spectra [1] (see also references quoted by Herzberg [2] ). This technique is only sensitive to strong predissociation effects. Later on, several other techniques were developed which were much more sensitive : breaking-off in fluorescence bands, fluorescence quantum yield, lifetime measurements, atomic fragment detection... It has even been possible in the case of 12 B state to measure predissociation rates smaller by several orders of magnitude than the radiative decay rate. This was possible thanks to an interference effect between a magnetic and a natural predissociation [3] . This led to the discovery in the 12 B state of a predissociation due to hyperfine coupling [4] .
To understand these very weak predissociations and thcir measurement techniques, it is necessary to complete the usual predissociation theory [1, 2] . The purpose of this publication is to present the theoretical calculations which are necessary for evaluating the predissociation rate of 12 in the B state; some generality will be kept throughout the calculations so that the results could be easily modified to apply to any other case. This paper is the first of a series of three : the following two papers [5] Child [7] .
ii) If inequalities (3) and (5) are both fulfilled, one can then show [6] that the rate of predissociation is given by (1) [8] and many other authors [9] .
ii) The [10] .
iii) The A detailed analysis of XHFS is given in various references [12, 13] .
v) The Zeeman Hamiltonian Jez It also contains many terms [14, 15] The fact that the u -g parity is violated by the [21] . Finally, although not considered here, a predissociation can be induced by collisions [2] . This process has in fact no precise selection rule as is clear if one considers the low symmetry of a collision between two molecules.
5. Tensorial expressions for the various Hamiltonians. - The evaluation of equation (7) is quite difficult when one of the Hamiltonians is the hyperfine or Zeeman Hamiltonian. In order to make this evaluation simple and automatic, we use a tensorial operator method which enables the use of well known results of Racah algebra. This method appears in our previous paper on hyperfine structure [13] particularly in its appendix. We refer the reader to this paper, and we summarize in the following lines only some fundamental definitions.
We give an equivalent tensorial form for each of the five Hamiltonians. We introduce a projection operator PQvj (or P UvJ 1) which restricts the action of the operator to the sublevels of the level SwJ &#x3E; (or I QvJ I ) ). We [18] . It appears that these two terms will be masked by JCG for AQ = ± 1 coupling and by other fine structure terms for a AQ = 0 coupling. However, it is clear that the spin-rotation term can couple two states with AS = 1 which J6G cannot. Therefore, neglecting JCS.R. and JCO.R. will be more a matter of convenience than a general property with with Equations (17) , (18) , (19) are deduced from the paper of Freed [11] . It has been assumed that the electric or magnetic field is parallel to the quantization axis of the laboratory frame.
iii) Finally only the hyperfine terms have a direct I and J dependence. They are examined in detail in reference [13] and we recall only the main results, valid only for a neutral homonuclear diatomic molecule :
with the definition of wk :
The coefficients fk are defined as follows They satisfy the symmetry rule [ 13, 18] : + if the states and S' have the same u -g parity, -in the opposite case.
Finally it is important to recall the result of reference [13] concerning the reduced matrix element of the tensorial operators 00,Tk and llTkq :
Moreover, we must note that a small implicit J dependence remains in all the matrix elements involving the vibrational quantum numbers v and v', because the vibrational wavefunctions and therefore their overlap integrals are always J-dependent. 6 . Predissociation rates as a function of the various quantum numbers. Influence of the Zeeman and hyperfine Hamiltonians. - We want to evaluate equation (1) The validity of this expression requires satisfaction of condition (5) . Considering the selection rules on J' and the total parity selection rules, it appears that consecutive discrete levels coupled to the same level of the continuum are : v, J and v, J + 2 in non-zero magnetic field, and v, J and v + 1, J in zero field. The energy difference bE is then given by : Condition (5) is bE &#x3E; hFp; this is always true in 12 as Fp remains of the order of magnitude of the radiative width. Equation (23) has already been derived in our previous work [3] , and it was evaluated directly. It is, however, a good example of how to use the Tq formalism. Let us give, for instance, an evaluation of the square term in Kz that we denote Y(JCZ -Xz). As the calculation is general we keep and Q' in the formulae.
The recoupling of the two To is made by the use of a formula from the Appendix of reference [13] .
The summation on J' occurring in formula (24) is also easy if one uses the definition of wz (equation 18b) and the appendix of reference [13] . This with the definition
The evaluation of (33b) is certainly tedious. The use of the formalism of reference [13] enables us to make the summation over I' and J', provided that equation (26) (5) is not fulfilled and the predissociation effects are not described by equation (22) . However, for each value of the magnetic field, only a very small fraction of all the Zeeman sublevels are affected by this problem, at least if the average predissociation rate Tp ) is much smaller than the typical zero field hyperfine splitting BEHFS. This is the case in the I2 B state, thus we will assume the validity of equation (22) .
However, in order to calculate the predissociation rates, we need a second assumption : we assume that the wavefunctions are well approximated by their low field limit :
It must be pointed out that, if these two assumptions prove to be unsatisfactory, a complete diagonalization of the hyperfine and Zeeman Hamiltonians should be made for each value of the magnetic field. This will require an enormous amount of computer time as the number of Zeeman hyperfine sublevels is large, about 4 000 if J = 100 for 12'I2.
The evaluation of equation (22) [15, 18] that the term involving the electric quadrupole (k = 2) term of the hyperfine Hamiltonian vanishes; this is a special circumstance due to the fact that the B state is an Q = 0 state. As a consequence of this property, for all the magnetic terms, the selection rule I = I" holds :
with the values We have given explicit forms to the 3 J and 6 J symbols ; the values of I.F and J.F are given by : Cv,, av, and av are given by equations (30), (31) and (35c).
It is important to note that the predissociation rate and therefore the lifetime depends now on all the quantum numbers v, J, s, F, MF. This completely describes the very unusual properties of the predissociation of the iodine B state [3, 4, 15, Huo [19] in her magnetic predissociation study.)
We may distinguish three cases depending on the values of AQ = Q' -Q : AQ = 0, ±1, + 2. We could have calculated the general case in the same way. The points that we must stress are the following : i) Usually, the predissociation effects due to the gyroscopic Hamiltonian will be much larger than effects due to the hyperfine Hamiltonian or the Zeeman Hamiltonian (for B of order of 1 tesla). Other results concern a general survey of the cases' in which an hyperfine and/or magnetic predissociation could be observed. Although no specific molecule has been considered, the obvious analogues of iodine are the other halogens. We think that a detailed study of bromine should be fruitful and that, generally speaking, many molecular states presently considered as free of predissociation actually are subject to weak or very weak predissociation effects. Such effects should be observable by some of the techniques briefly mentioned here and which are developed in the two following papers.
